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BROAD-CRESTED WEIRA 
Discussion by Hubert CHANSON2 
 
The writer congratulates the authors for their authoritative work on broad-crested weirs. For completion, he 
wishes to add new material on the undular weir flow. Recent experiments of undular hydraulic jumps 
(CHANSON 1993) provided new information on the wave length and wave amplitude characteristics 
downstream of the first wave crest. The writer will show that undular weir flows (table A1) have similar 
flow properties. 
The writer has re-analysed the characteristics of the free-surface undulations downstream of the first wave 
crest for undular weir flows and undular hydraulic jumps (table A1). These data are plotted on figure A1 
where ∆h and Lw are respectively the wave amplitude and the wave length of the first wave length (located 
between the first and second wave crests). The results are compared with the solution of the Boussinesq 
equation for undular surge (ANDERSEN 1978). 
Figure A1 indicates that the undular weir flows have similar free-surface undulation characteristics as 
undular hydraulic jumps in prismatic channels. Further the results show that the relationship between the 
wave amplitude and the approach flow Froude number F1 exhibits a distinctive shape (fig. A1a) : 
1- For Froude numbers close to unity, the data follow closely the theoretical solution of the Boussinesq 
equation (e.g. ANDERSEN 1978). The wave amplitude is nearly proportional to the Froude number (i.e. 
∆h/hc = 0.73 * [Fr1 -1]). 
2- With increasing Froude numbers, the wave amplitude data starts diverging from the solution of the 
motion equation (i.e. without inclusion of the energy dissipation) and reaches a maximum value. This trend 
is coherent with the data of BINNIE and ORKNEY (1955), IWASA (1955), MONTES (1979) and the writer 
(CHANSON 1993). 
3- For large Froude numbers, the wave amplitude decreases with increasing Froude numbers and shows a 
trend similar to figure 8a. 
SERRE (1953) predicted the apparition of wave breaking for F1 = 1.46 which is close to the authors' result. 
But with undular hydraulic jumps, the writer showed that the disappearance of free-surface undulations is a 
function of the aspect ratio hc/b and the approach flow conditions (CHANSON 1993). 
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APPENDIX II. NOTATION 
hc critical flow depth (m); 
Lw first wave length (m) defined as the distance between the first and second wave crests; 
∆h wave amplitude (m) of the first wave length located between the first and second wave crests; 
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Table A1 - Summary of experimental flow conditions 
Reference Q F1 hc/b Comments 
 L/s    
(1) (2) (3) (4) (5) 
Undular jump on broad-crested weir     
WOODBURN (1932) 4.8 to 7.6 0.86 to 1.09 0.096 to 0.131 b = 0.305 m. 
TISON (1950) 39.6 to 45.9 0.91 to 1.30 0.172 to 0.190 b = 0.5 m. 
HAGER and SCHWALT (1994) 3.15 to 8.25 1.19 to 1.45 0.032 to 0.061 b = 0.499 m. (a) 
Undular jump in prismatic channel     
BINNIE and ORKNEY (1955)  1.12 to 1.52   
IWASA (1955)  1.29 to 4.14   
MONTES (1979)  1.25 to 2  b = 0.20 m. 
CHANSON (1993) 7.0 1.08 to 1.79 0.172 b = 0.25 m. 
 10.5 1.10 to 1.77 0.224 Fully developed 
 20.0 1.05 to 1.49 0.347 upstream flows. 
 
Note : 
(a) : original data provided by the first author. 
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Fig. A1 - Free-surface undulations characteristics : comparison between undular weir flows (WOODBURN 
1932, TISON 1950, HAGER and SCHWALT 1994), undular hydraulic jumps (CHANSON 1993) and the 
undular surge theory (ANDERSEN 1978) 
(a) Dimensionless wave amplitude ∆h/hc 
 
 
(b) Dimensionless wave length Lw/hc 
 
 
